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Introduction
[bookmark: _GoBack]The work item on NR support for reduced capability NR devices has been approved [1]. The approved WID however leaves a number of open issues to be resolved in RAN#91e, March 2021. In this contribution, we express our views on the open issues most relevant to RAN1, including
· The possibility of, and any associated conditions for, optional support of a wider bandwidth up to 40 MHz in FR1 after initial access.
· For frequency bands where a legacy NR UE (other than 2-Rx vehicular UE) is required to be equipped with a minimum of 4 Rx antenna ports, whether the minimum number of Rx branches supported by specification for a RedCap UE is 1 or 2.
· Whether the RedCap WI needs to handle any potential coverage recovery aspects related to RedCap UEs.
UE bandwidth after initial access in FR1 bands
The motivation for allowing a RedCap UE to optionally support a wider bandwidth up to 40 MHz in FR1 after initial access needs to be discussed. One possible motivation is for achieving a higher peak data rate. However, during the RedCap study, it had been concluded that 20 MHz bandwidth in FR1 is enough for meeting the peak data rate requirements for the RedCap use cases, at least when the bandwidth reduction is not combined with other UE complexity reduction techniques. Exceptions from the above conclusion as noted in [2] are some TDD configurations. That is, except in some TDD configurations, the peak data rate requirements for all the RedCap use cases can be met with 20 MHz UE bandwidth in FR1. The only open issue then is which TDD configurations may benefit from the option of having a wider bandwidth up to 40 MHz in FR1 after initial access. If such TDD configurations can be identified, the option of having a wider bandwidth up to 40 MHz in FR1 after initial access may be allowed only for these identified TDD configurations. The specifications can indicate that a RedCap UE in FR1 will not be scheduled for larger than 20 MHz bandwidth except for RedCap UEs supporting the 40 MHz bandwidth option after initial access and operating in a cell with TDD configurations X, Y, and Z. 
[bookmark: _Ref61427914][bookmark: _Toc61868691]The option of having a wider bandwidth up to 40 MHz in FR1 after initial access may be allowed only for certain TDD configurations where 20 MHz is deemed inadequate for meeting the peak data rate requirements for the RedCap use cases. Such TDD configurations have not yet been identified.
Minimum number of Rx branches
For frequency bands where a legacy NR UE (other than 2-Rx vehicular UE) is required to be equipped with a minimum of 4 Rx antenna ports, the open issue is whether the minimum number of Rx branches supported by specification for a RedCap UE is 1 or 2. Two main considerations are small UE form factor for some wearables and the impact on the network performance.
· Small UE form factor: The RedCap WID already supports small UE form factor with the support of 1-Rx UEs in the bands below 2496 MHz. There have been interests in also supporting 1-Rx UEs in the bands above 2496 MHz due to the form factor consideration. However, considering the reduced wavelengths with higher carrier frequencies, it may be feasible for a device with a small form factor to support 2 antennas , although with reduced antenna efficiency or higher correlations between the antennas. Thus, in our view it is difficult to argue for supporting 1-Rx UEs also in the bands above 2496 MHz, especially considering the impact on spectral efficiency if the number of Rx branches is reduced from 4 to 2.
· Network performance: The impact on the network performance was studied during the study item phase. The collection of results can be found in Annex D of [2]. Regarding the impact on spectral efficiency, the SLS results captured in Annex D of [2] reveal that there is a considerable degradation in RedCap UE spectral efficiency if the number of Rx branches is reduced from 4 to 1, compared to reducing from 4 to 2. Regarding the impact on the network capacity and eMBB performance, one of the main observations captured in [2] is that if the data volume of a RedCap device is small relative to an eMBB device, the 1-Rx RedCap UEs do not result in significant degradation to the network capacity, or to the throughput of the eMBB users. One such an example scenario is when the traffic ratio between a RedCap UE and an eMBB UE is 1:50, as studied in [2]. Thus, one potential approach for limiting the negative impact of having 1-Rx UE, if it is supported, on the network performance could be to discourage such UEs from consuming a high data volume.
[bookmark: _Toc61868692]The RedCap WID already supports small UE form factor with the support of 1-Rx UEs in the bands below 2496 MHz.
Coverage recovery
RedCap UE coverage was thoroughly studied during the study item phase and the results have been captured in [2]. According to the results and summary captured in [2] and considering the UE complexity reduction features included in the WID [1], only PUSCH and Msg3 in FR1 require coverage recovery and the amount of coverage recovery for these channels is no more than 3 dB. Coverage enhancements for both PUSCH and Msg3 are however included in the work item on NR coverage enhancements [3]. The RedCap work item should avoid introducing additional solutions for PUSCH and Msg3 coverage recovery, independent of the solutions to be introduced in the NR coverage enhancement work item. However, the RedCap work item can discuss and verify that the relevant solutions from the NR coverage enhancement work item can be used for RedCap coverage recovery.
[bookmark: _Toc61868693]It is beneficial for the RedCap work item to avoid introducing additional solutions for PUSCH and Msg3 coverage recovery, independent of the solutions to be introduced in the NR coverage enhancement work item. However, the RedCap work item can discuss and verify that the relevant solutions from the NR coverage enhancement work item can be used for RedCap coverage recovery.
There were some discussions during RAN#90e about whether coverage recovery is needed in FR2. According to [2], DL coverage recovery is not needed in FR2 if the UE with 12 dBm TRP is considered, but is needed if the UE with 23 dBm TRP is considered. We do not consider an FR2 network with all the UEs capable of 23 dBm TRP a realistic scenario. In practice, most of the FR2 UEs are actually limited to a maximum TRP of 12 dBm, although there might also be some UEs with 23 dBm TRP in the same network. However, considering the presence of the 12 dBm UEs in the network, cell planning (from coverage perspective) needs to be based on the 12 dBm UEs. Otherwise, the 12 dBm UEs will have UL coverage issues due to its lower TRP level. Once the cell planning is based on the 12 dBm UE TRP (e.g., with reduced site-to-site distance), the DL coverage is not a problem for the 23 dBm UEs. Thus, in our view, coverage recovery is not needed for RedCap UEs operating in FR2. 
[bookmark: _Toc61868694]Coverage recovery is not needed for RedCap UEs operating in FR2.
The open issue of whether the minimum number of Rx branches supported by the specifications for a RedCap UE is 1 or 2 in the bands above 2496 MHz will have implication on coverage recovery for the downlink channels. If the support for 1-Rx UE is not provided, then based on the results captured in [2], no coverage recovery is needed for the DL channels. If 1-Rx is supported, coverage recovery is needed for carrier frequency of 4 GHz with DL PSD 24 dBm/MHz. In this case, the amounts of required coverage recovery are as follows: 
· 1 dB for PDCCH CSS
· 2-3 dB for Msg4
· 5-6 dB for Msg2 without TBS scaling.
It is noted in [2] that coverage loss for Msg2 can be compensated by using the existing TBS scaling technique. For PDCCH CSS, the relatively small 1 dB coverage recovery for cell-edge UEs can be achieved by the keep-trying method, which does not require any specification work. Regarding Msg4, the up to 3 dB coverage recovery can be achieved by simply relying on the HARQ retransmission, which does not require any specification work either. Thus, existing methods can be used for the coverage recovery needed for 1-Rx UEs (if supported) in bands above 2496 MHz with DL PSD 24 dBm/MHz.
[bookmark: _Toc61868695]Existing methods can be used for downlink coverage recovery needed for 1-Rx UEs (if supported) in bands above 2496 MHz with DL PSD 24 dBm/MHz.
Conclusion
In the previous sections, we have discussed a number of RedCap open issues to be resolved in RAN#91e, March 2021. The observations and proposals from the above discussions are summarized below. 
Observation 1	The option of having a wider bandwidth up to 40 MHz in FR1 after initial access may be allowed only for certain TDD configurations where 20 MHz is deemed inadequate for meeting the peak data rate requirements for the RedCap use cases. Such TDD configurations have not yet been identified.
Observation 2	The RedCap WID already supports small UE form factor with the support of 1-Rx UEs in the bands below 2496 MHz.
Observation 3	It is beneficial for the RedCap work item to avoid introducing additional solutions for PUSCH and Msg3 coverage recovery, independent of the solutions to be introduced in the NR coverage enhancement work item. However, the RedCap work item can discuss and verify that the relevant solutions from the NR coverage enhancement work item can be used for RedCap coverage recovery.
Observation 4	Coverage recovery is not needed for RedCap UEs operating in FR2.
Observation 5	Existing methods can be used for downlink coverage recovery needed for 1-Rx UEs (if supported) in bands above 2496 MHz with DL PSD 24 dBm/MHz.
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